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CELLS IIESIGHED PDR USE IM SPACECRMT 

Ref: (a) National Aeronautics and Space Administration Purchase Order 

(b) USA ltr ERA/VBK/pad of 25 September 1961 t o  CO RAD Crane 

(c) Preliminary Work Statement fo r  Battery Evaluation Program of 

Number Wll,252B 

w/X?WEPS first end F&-l:WSK of 2 October 1961 

25 August 1961 

A. I n  compliance with references (a) and (b), evaluation of Sealed 
Nickel Cadmium Cells w a s  begun according t o  the program outline of 
reference (c), 

B. 'ifae ob3ect of t h i s  evaluation program is t o  gather specific 
information concerning sealed nickel cadmium ce l l s  des i eed  f o r  use i n  

pur&- by mtitnal Aerolle&ice axla 
fwr mrmufacturers, and consist of 

8even -e classifications ranging f'rcm 3 t o  20 ampere hours. 

D. 'Fhe program is cfivided into.three -in sections consisti  
Acc@ptaw?e '&Sts, G e d  &rfhn&me Tests and-Cycle L i f e  Tests. 

7 
E. lhis report i s  the seventh of a series of seven of the Acceptance - 

Tkst Section, It gives the results of the acceptance tests of 200 
three ampere hour size ce l l s  supplied by General Electric Company, 
Wnsville, Florida, 
manufacturer. 

'Ihe cells are rated a t  3.0 ampere hours by the 

A- n. C O ~ ~ I O ~ S .  

A. From the results of t h i s  test, it can be concluded that:  

1. lhe weak Min t  of the General Electric Company 3.0 ampere 
hour ce l l s  is the sealing of the filler tube as evidenced by 20 leakers 
out of the 224 ce l l s  tested. 
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2. The capacity of the cel ls  was i n  the acceptable range of 3.38 
/-3 b T # - 6 4  

t o  4.08 ampere hours. 

III. -0Hs. 

A. It is recommended tha t  an improvement be made i n  the method of 
sealing the f i l ler  tube. 

B. It is also recamended that improvement be m a d e  i n  the quality 
control methods of leak tes t ing the cwnpleted c e l l  as 9 of the 20 leaks 
were found by the inrmersion seal test. 

C. 
the cells.  
high resistance contact tha t  allowed the c e l l  t o  charge but not t o  
discharge. 

It is  also reccrmmended tha t  greater care be taken i n  assembling 
Three ce l l s  failed the ce l l  short test and one cell  had a 

ii 
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RESULTS OF AC(ZP!CANm !l?EsTs 

OF - 

I. n m .  

A. On 16 March 1963, t h i s  activity began acceptance tests on 70 
cel ls ,  the first received of a to t a l  of 224 necessary for final accept- 
ance of the 200 required. The acceptance tests w e r e  completed on 
16 August 1963. t 

B. The NASA purchase contract was l e t  during April 1962 stipulating 
delivery within 90 days. The cells, however, w e r e  received intermittently 

-between March 1963 and August 1963. 

II. TZEST oommoxs. 

relative hmidi  

2. C e l l  Short Test. 

3. Immersion Seal Test. 

4. Overcharge Test. 

5 .  fie&- Test. 

6. Internal Resistance Test. 

A l l  charging and discharging was .done at  constant current (2 54). Bo 
Cells w e r e  charged i n  series but discharged individually. 

* III. ~ ~ c 4 ! r I o ~ m D E s c R I I * p I o ~ .  

A. The ce l l s  were identified by the manufacturer's s e r i a l  numbers 
fran 2-3 t o  7-84, although not consecutively. 

B. The 3.0 ampere hour ce l l  i s  cyclindrical with an average diameter 
of 1.25 inches and an average mer-all length of 3.10 including the 
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positive terminal and solder tab. The average w e i g h t  w a s  155.0 grams. 
Figure 1 is a photograph of a General Electric Company 3.0 ampere hour 
ce l l .  

C, The c e l l  container o r  can and the c e l l  cover are made of stain- 
less steel, !€be positive terminal is insulated from the c e l l  cover by 
a ceramic (titanium hydride) bushing and protrudes through the bushing 
with a solder tab welded t o  the terminal. 
solder tab welded t o  the c e l l  cover. 

The negative terminal is a 

I), plese cells, rated by the manufacturer at 3.0 ampere hours, w e r e  
received i n  a partially discharge 'condition. 

Iv. ms! l !~AI iJDmsuLTs .  
. 

A. Capacity Test. 

1. The capacity test is a determination of the c e l l  capacity at  
the c/2 discharge rate, where c i s  the manufacturer's rated capacity, t o  
a cut-off voltage of 1.00 volt  per c e l l .  The discharge w a s  made after a 
1-hour open circui t  period following a 16-hour charge at the c/10 rate. 
A t o t a l  of three capacity checks were made at th i s  activity.  The ce l l s  
w e r e  discharged individually but  were recharged i n  series. 

are WulaM i n  Table I: i n  order frum the M@est to  the l e s t  value. 
Characteristic 2-hour discharge curves are shuwn i n  Figure 2. 

I. 
conditions which may exis t  because of imperfections i n  the insulating 
materials, damage t o  element i n  handling or  assembly. 

The cell. sirort test is a mems of detecting slight shorting 

2. Following ccerpletion of the th i rd  capacity test, each individual 
c e l l  w a s  shorted fo r  16 hours. 
c/5 rate fo r  1 mlnute followed by au apen c i rcu i t  stand for  24 hours, during 
which time voltage readings were taken every 3 hours. Any c e l l  with voltage 
readings belav 1.0 vol t  at  t@z end of 24 hours w a s  rejected. 

charge at c/5 following the 16-110~ shorted period, ranged from 1.19 t o  
1.21 volts-for an average of 1.20 vol t s .  

Each c e l l  w a s  then placed on charge at the 

. *' 
3. !the open circui t  c e l l  voltages.24 hours after the 1-minute 

.) 

4. O€' tl& 224 ce l l s  submitted t o  the c e l l  short test, three w e r e  
rejected. 
Table I. I))  

The voltage vdues for  t b e  200 accepted ce l l s  are shown i n  

2 
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C. Inanersion Seal Ilest. 

1. 
of a seal or  weld. 
sequence t o  show i f  the leak w a s  present before the overcharge sequence. 

The immersion seal test is a means of detecting leakage 
The test w a s  performed before the Overcharge Test 

- 2. The cells were placed under w a t e r  i n  a bell  jar container. 
A vacuum of 20 inches of mercury w86 held fo r  3 minutes. 
charging steady stream of bubbles were considered rejects. Ihe 
ce l l s  w e r e  then washed i n  d i s t i l l e d  water and dried. 

C e l l s  dis- 

3. There w e r e  nine failures out of the t o t a l  of 221 ce l l s  
subjected t o  the imersion seal test. 

D. Overcharge! Test. 

1. The overcharge tests were prfonned t o  detennine the steady 
state voltage a t  Specified rates. 
constant current charges at c/20, c/10 and c/5 rates, f o r  a minimum 
of 48 hours at each charge rate o r  unt i l  the increase of the "on-charge" 
voltage w a s  less than 10 mill ivolts per day. 

The test specified a series of 

2. The ce l l s  w e r e  monitored hourly throughout the test. Charging 
W b M "  exceew1.w Yf?&* vhife oa 

the 1-50 vol t s  maximum. 

3. S b W S h k  
@-hour charge rate is shown 113 
voltage curves are sham i n  Figure 3. 

E. Internal Resistance Test. 

1. !his test w a s  performedto determine the i n t e r n a l  resistance 
o f t h e  cel l .  

2. A t  the completion of the Overcharge Test, the ce l l s  w e r e  
returned t o  the 420 charging rate and given a short pulse (5-10 seconds) 
at  rate of c i n  amperes. '&e cell voltage, Vl, immediately prior t o  
the pulse; and E?, 5 milliseconds af ter  the pulse, were read on a 
suitable recording instrument.  A CEC high speed tape recorder (28.8 
inches of tape per second) w a s  used. The internal resistance of the 
c e l l  i n  ohms w a s  calculated according t o  the following formula. 

. -  
v 2 - v l  

R =  - 
~ 

I' I C  - 1 4 2 0  

v1 and V2 are i n  volts, IC and 32/20 are i n  amperes. 
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3. The internal resistance value fo r  each cell  is  shown 
i n  Table 1. The values range from 7.02 milliohms t o  66.67 m i n i o w .  

F. Litmu6 Leakage Test. 

1. The l i tmus  test w a s  used t o  determine electrolyte leakage 
at  the terminal seals and w e l d s  a f te r  the wercharge tests. 

2. !Fhe areas of closure of all cells were wiped with w e t  
l i tmus pager a t  the completion of the  Internal Resistance Test. Any 
discoloration of the litmus paper w a s  considered as evidence of c e l l  
leakage and such ce l l s  were rejected. 

3. 
t o  the litmus test. 

mere w e r e  20 failures of  the to t a l  of 221 cells subjected 

V. SECOND SECTION OF TEST. 

A. General Performance 'R?sts, the second section of the Sealed 
Hickel Cadmium Battery Test Program, are being conducted on f ive  cells, 
the results of which w i l l  be summarized i n  the succeeding report. 

* 
. .- . .  _ _ / .  . .. .. . 
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I. 
of the Acceptance 'Bests. 

Table I contains c e l l  dimensions and the results of the eight sections 

II. FIGURES. 

A. Figure 1 is a photograph of the General Electric Company 
3.0 ampere hour ce l l .  

B. Figure 2 shows the characteristic two hour rate discharge curves. 

C. Figure 3 shows the overcharge voltage curves. 

. .  
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